Bone remodeling requires a delicate balance between bone formation and bone resorption, in which bone-forming osteoblasts and bone-resorbing osteoclasts play central roles 1) . It is well known that bone formation steadily declines with age, resulting in a significant loss of bone mass, and may be due to a decrease in osteoblast proliferating precursors or the number of pre-osteoblasts that differentiate, or possibly decreased synthesis and secretion of essential bone matrix proteins 2) . However, the nature of the mechanisms that underlie the aging process and their effects on bone metabolism are not well understood. A currently popular hypothesis states that reactive oxygen species (ROS), produced during normal cellular metabolism, are major contributors to the aging process 3) .
Introduction
Bone remodeling requires a delicate balance between bone formation and bone resorption, in which bone-forming osteoblasts and bone-resorbing osteoclasts play central roles 1) . It is well known that bone formation steadily declines with age, resulting in a significant loss of bone mass, and may be due to a decrease in osteoblast proliferating precursors or the number of pre-osteoblasts that differentiate, or possibly decreased synthesis and secretion of essential bone matrix proteins 2) . However, the nature of the mechanisms that underlie the aging process and their effects on bone metabolism are not well understood. A currently popular hypothesis states that reactive oxygen species (ROS), produced during normal cellular metabolism, are major contributors to the aging process 3) .
ROS include superoxides anions, hydroxyl radicals, and H 2 O 2 , which can cause severe damage to DNA, protein, and lipids. High levels of oxidants produced during normal cellular metabolism or from environmental stimuli disturb the normal redox balance and Abstract: Bone formation steadily declines with age resulting in a significant loss of bone mass, while reactive oxygen species (ROS) are thought to be major contributors to the aging process. In the present study, we attempted to identify which gene had an altered transcription level when osteoblasts were treated with ROS, shown that ROS may be involved in the pathogenesis of bone loss-related diseases, a marked decrease in plasma antioxidants was found in aged osteoporotic women 5) . Osteoporosis was noted in 2 different mouse models of premature aging associated with oxidative damage, in which osteopenia was speculated to be the consequence of oxidative damage 6, 7) . However, evidence specifically linking ROS-induced damage to bone formation as a part of the aging process is quite sparse and the function of aged osteoblasts in molecular cell biology has not been well characterized.
We previously studied the effects of ROS on bone nodule forming activity using cells from the osteoblastic cell line MC3T3- methods.
Materials and Methods

Cell culture and H 2 O 2 treatment
MC3T3-E1 cells were purchased from Riken Cell Bank (Ibaraki, Japan). They were seeded at 1 × 10 5 cells/well in a 24-well culture plate (Corning, Grand Island, NY, USA) and incubated for 24 hours in α-MEM medium containing 5 mM of HEPES supplemented with 50 µg/ml of gentamycin sulfate (Sigma, St.
Louis, MO, USA), to which was added 0.3 µg/ml of amphotericin B (Flow Laboratories, VA, USA), 100 units/ml of penicillin G potassium (Sigma, St. Louis, MO, USA), and 10% fetal bovine serum in a humidified atmosphere containing 95% air and 5% CO 2 at 37°C. For RNA isolation, 100-mm diameter dishes were used. The cells were treated with 400 µM of H 2 O 2 for 3 hours, after which they were washed and incubated with the differentiation medium, α-MEM medium described above supplemented with 50 µg/ml ascorbic acid and 10 mM β-glycerol phosphate.
Quantitation of bone-nodule formation
For quantitation of bone nodule formation, MC3T3-E1 cells were cultured for 40 and 50 days in the medium, after which the contents of each well were fixed for 15 minutes in 10% neutral buffered formalin and stained using a von Kossa technique.
RNA preparation and construction of subtractive cDNA library
Total cellular RNA was isolated from MC3T3-E1 cells at 6 hours after treatment with or without H 2 O 2 using an Rneasy 
Dot-blot differential screening
The cloned cDNA inserts were initially evaluated for differential expression using DNA dot-blot analysis. White colonies from a subtractive cDNA library were picked randomly and the inserts amplified by PCR using the universal vector primers M13 and Fig Figure 4 . Endpoint RT-PCR analysis of FN mRNA levels. An ethidium bromide staining pattern of the amplified PCR products using agarose gel electrophoresis is shown. FN mRNA was expressed at a lower level in the H 2 O 2 -treated MC3T3-E1 cells as compared to untreated cells. 
Results
As shown in Figure 1 (Fig. 4) .
Additional experiments to determine the precise rates of enhancement of the FN genes were performed using real-time PCR. PCR exponential curves of the FN and GAPDH genes are shown in Figure 5A , with data obtained following conversion to relative mRNA amounts and the ratio of FN/GAPDH calculated for standardization shown in Figure 5B . A significant reduction of FN gene expression was observed in H 2 O 2 -treated cells.
Discussion
The extracellular matrix (ECM) is known to act as a substratum in a variety of tissues and plays an important role in cellular functions. FN is a heterodimeric ECM glycoprotein that has been shown to regulate the adhesion, migration, and differentiation of various mesenchymal cells 9) . Interestingly, FN deposition on the cell surface has been reported to be decreased in human aged fibroblasts 10) , while FN isolated from late passage fibroblasts has been described as unable to support normal cell substrate interactions 11) .
Previously, we investigated hydroxy radicals generated by H 2 O 2 -Cu ion on degraded and/or modified FN proteins. Bone nodule formation by rat osteoblasts in FN-coated culture dishes was significantly greater than in the non-coated dishes, while that in FN-coated dishes following hydroxy radicals treatment was significantly less than without such treatment 12) . Further, alkaline phosphatase activity in and the secretion of type I collagen from those osteoblasts were reduced by FN-treated hydroxy radicals.
RT-PCR analysis also showed that mRNA levels of alkaline phosphatase and type I collagen genes were diminished by treatment with hydroxy radicals 13) . Thus, tissue aging may be directly related to altered interactions between cells and the ECM.
However, the direct effect of ROS on the gene expression of FN in osteoblasts is not well documented.
In the present study, we attempted to identify the effects of H 
